Abstract: Combinatorial fluorescent molecular sensors constitute a unique class of analytical systems that integrate the properties of small-molecule luminescent sensors and cross-reactive sensor arrays (the so-called chemical 'noses/tongues'). On the one hand, these sensors can differentiate between a wide range of analyte combinations and concentrations, akin to pattern-generating arrays. On the other hand, they can operate in the microscopic world, which macroscopic analytical devices cannot access. This feature article summarizes the different approaches that can be used for obtaining multianalyte detection by fluorescent molecular sensors. In particular, it highlights an exciting prospect in the analytical sciences: differential sensing at the molecular level.
Fluorescent molecular sensors 1 are among the most powerful tools used in the analytical sciences owing to their sensitive detection mode, down to the level of a single molecule, as well as their versatility, the feasibility of naked eye visualization, and their small size, which enables them to operate in the microscopic world and to track the rise and fall of various bioanalytes at spatial and temporal resolution. In recent years, much progress has been made in endowing such sensors with the ability to detect several input signals. Herein, we summarize the different approaches by which fluorescent molecular sensors can be used to track multiple analytes and their combinations. Particular emphasis is given to combinatorial fluorescent molecular sensors, 2 which have recently emerged in the molecular sensing arena and are expected to become major players within this field.
1

Single-Analyte Detection by Fluorescent Molecular Sensors
The structural and photophysical parameters needed for obtaining fluorescent molecular sensors have been discussed in depth in various reviews. 1 With such systems, specific recognition is normally achieved by developing well-defined synthetic receptors using various principles of coordination-and supramolecular host-guest chemistry. Efficient signaling can then be attained by coupling the receptors to suitable fluorophores (Figure 1, a) . With an appropriate choice of probes, spacers, and signaling mechanisms, the binding of an analyte to a receptor perturbs a photophysical process within the system, 1a such as photoinduced electron transfer (PET), charge transfer (CT), or fluorescence resonance energy transfer (FRET), which leads to an enhanced emission signal (Figure 1, a) .
This combination of molecular recognition and fluorescence signaling is well demonstrated with protein labeling probe 1, 3 in which a bisarsenic complex and a fluorescein serve as a 'receptor' and a fluorophore, respectively (Figure 1, b) . The binding of the first to a genetically encoded tetracysteine motif (i.e., CCPGCC) results in a strong 'turn-on' fluorescence signal, which enables one to track the localization and expression levels of a tetracysteine-labeled protein within a living cell. Using similar design principles, various other classes of fluorescent molecular sensors have been developed and used for detecting a wide range of metal ions, 4 saccharides, 5 phosphates, 6 anions, 7 and proteins, 8 among others. 
Multi-Analyte Detection by Fluorescent Molecular Sensors
Over the last two decades the field of fluorescent molecular sensor design has undergone a fundamental change. In addition to detecting individual analytes (Figure 1 ), fluorescent molecular sensors have been endowed with a remarkable ability to respond to several chemical inputs ( Figure 2 , a). This development significantly enhanced the power of individual molecules to process chemically encoded information and thus, enabled creating unimolecular fluorescent sensors that mimic the function of electronic logic gates and circuits 9 and, in doing so, operate as 'smart' diagnostic devices. The 'lab-on-a-molecule' 2 ( Figure 2 , b) elegantly demonstrates the underlying principles of the approach. 10 In the absence of analytes, the emission of anthracene is quenched via PET of the lone electron pairs on the crown ether and tertiary amines (i.e., the receptors). Thus, only upon simultaneous binding of H + , Zn
2+
, and Na + to the receptors, are the different PET processes disrupted and the emission is restored. Beyond its ability to be engaged in molecular-scale computation, 10 this 3-input molecular AND logic gate (2, Figure 2 , b) highlights the great analytical potential of these molecular diagnostic devices. Specifically, their small size, sensitivity, and simple operation mode enable such systems to straightforwardly determine combinations of analytes [9] [10] [11] at the nano-scale. One limitation of the multianalyte fluorescent molecular sensors discussed above is the need to create a specific receptor for each analyte (Figure 2 , a). This not only poses an immense challenge in molecular recognition, it also considerably limits their multiplicity. For these reasons an alternative, combinatorial approach to multianalyte sensing has evolved. As shown in Figure  3 , the 'nose/tongue' approach 13 relies on cross-reactive sensor arrays that, similar to the way our olfactory system operates, can discriminate between a wide range of analytes and their combinations. Because each receptor in the array can interact, non-specifically, with different analytes and since each analyte can also bind to different receptors, such systems are capable of generating distinguishable optical 'fingerprints' for a variety of structurally similar chemicals in a high-throughput manner. Chemometric methods, such as principal component analysis (PCA), can then be used to discriminate between patterns containing multiple data and afford clear-cut analysis. it relies on arrays whose macroscopic size and lack of physical integration of their receptors make them unsuitable for selective delivery, targeting, and for operating in the microscopic world.
Combinatorial Fluorescent Molecular Sensors
Combinatorial fluorescent molecular sensors 2 ( Figure 4 ) have recently emerged as a unique class of analytical systems that integrate the properties of pattern-based detection arrays (Figure 3 ) and small-molecule luminescent sensors (Figures 1 and 2) . Figure 4 (a) shows how a cross-reactive sensor 'array' the size of an individual fluorescent molecule can be obtained by assembling the various non-specific fluorescent receptors on a single molecular platform and by adjusting their emission to distinct wavelengths. With an appropriate selection of fluorescent groups, recognition elements, and signaling mechanisms, the binding of different analytes distinctly affects the intensity and/or wavelength at the different emission channels, consequently affording distinguishable optical 'fingerprints'. With the use of common pattern recognition software (e.g., PCA), such a system can effectively differentiate between a wide range of analyte combinations and concentrations, akin to pattern-generating arrays. At the same time, their small scale and fluorescence signaling capabilities enable them to operate at a microscopic scale, which macroscopic arrays cannot access. Compound 3 (Figure 4, b) was designed by our group to demonstrate the feasibility of this approach. ) by simultaneously interfering with CT, PET, and FRET processes. Owing to the unique optical fingerprints resulting from these interactions, 3 can distinguish among various carbohydrate-based antibiotics and cardiac drugs associated with counterfeiting or medication errors, and it can also analyze drug concentrations and combinations in human urine, in a high-throughput manner. Beyond the ability to discriminate among structurally similar analytes, these results point out other advantages of using this approach. For example, combinatorial fluorescent molecular sensors such as 3 circumvent the need for device integration and they require a single instrumentation, a single excitation wavelength, and a single incubation step, which can enable straightforward determination of the smallest possible analyte samples. Other sensory systems whose signaling patterns are recorded by NMR 15 or UV-Vis 16 spectroscopy further demonstrate the feasibility of differentiating multiple analytes with the use of individual molecular components.
The most notable advantage of combinatorial fluorescent molecular sensors, their small scale, has also been demonstrated with the development of a molecular keypad lock that can differentiate between multiple chemical 'passwords '. 2b Specifically, the ability of 3 to generate unique emission 'fingerprints' for different sequences of chemical inputs (chemical 'passwords', Figure 5 ) enables it to authorize multiple users without changing any parameter in the experimental setup, operating protocol, 'lock', or 'keys'. Consequently, the system circumvents a major limitation underlying this technology, 17 that is, the small number of passwords that can be authorized by unimolecular security devices. In terms of security, the main difference between molecular keypad locks 17 and electronic locks or biometric locks is that the molecular devices lend themselves to steganography. In other words, with such systems not only is the password hidden, but the very existence of the lock itself can be concealed. Considering that macroscopic cross-reactive sensor arrays (Figure 3 ) are inherently unsuitable for steganographic applications, authorizing multiple passwords by a monomolecular fluorescent sensor 2b convincingly demonstrates the power of differential sensing at the molecular level.
Outlook
More than three decades after the inception of the first electronic noses, 18 this technology has found applications in various areas, including the food and beverage industry, environmental monitoring, and disease diagnosis. 19 With the development of 'supramolecular analytical chemistry', 20 the 'nose/tongue' approach has been further extended to optical detection 13, 14 and to the recognition of many important biomolecules in aqueous solutions. Other evidence for the maturation of this technology has recently been demonstrated by NASA, which launched an electronic nose into space. 21 We believe that the emergence of combinatorial fluorescent molecular sensors 2 has opened up a parallel direction for this technology: differential sensing in nanometric space, which existing electronic or optical cross-reactive sensor arrays cannot address.
